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COMPLETE SPECIFICATION 

Method of Regenerating Spent Liquors produced in the Pickling 
ofTroniyinSteei Products 

We, 2\4etalurski Institut, of 3, Jamova, and iron structures, and destroy fauna and 
Ljubljana, Yugoslavia, a Yugoslav Body Cor- flora in the water. 45 
porate, do hereby declare the invention, for Various proposals have been offered for 
which we pray that a patent may be granted solving the problem. A merfwd is ifcnown, 
5 to us, and the method by which it is to be for example, by whicii the sulphuric add is 
performed^ to be particularly described in regenerated from the ferrous sulpdiate by 
and by the following statement:— treatment with hydrochloric acid. Still 50 

It is Jdiown that very large amounts of sul- other, prior methods are based on the prin- 
phuric acid are consumed in the pickling dple of working up the ferrous sulphate 

10 of iron or steel products, for example in sheet into iron oxides and sulphur dioxide, which 

or strip form. It is true that the known is further worked up into sulphuric acid All 

pickling processes hxvc to a large extent ex- these methods prove in practice either too 55 

hausted the add used fear pickling; neverche- costly or else insuffident. 
less no further economic use can -be found The present invendon zelates to a new 

15 for the spent pickling liquor, whicdi still con- methcd for regeneradng the spent pdcfciing 

tains from 3 to 5 parts by wdg^it of sul- liquor produced in the pickling of iron or 

phuric acid (H3SO.,). In the case of modiem steel products, and is chiefly characterised 60 

rapid conrinuous pickling processes, how- by the fact that the ferrous sulphatfc in the 

ever, the used pickling liquor still contains exhausted pickling soludon from the pick- 

20 as much as 10 to 18 parts by wdght of sul- ling plant is separated out in crystalline 

phuric add, which it would be uneconomic form as ferrous sulphate-4i^«ahydrate (FeS04- 

to discard. In any case the spent pidding 7H3O) by cotding to — 12** C co 16° C. 65 

liquor contains larger or smaller amounts of In the process some 75% of the ferrous sul- 

dissoived ferrous sulphare (FeSOJ, it thas phate present in the used liquor is recovered. 

25 hitherto been customary to crystallise this out After separating off cMs xjuantity of ferrous 

from the pickle by evapwation and subse- sulphate-heptahydrate, for example by ccntri- 

quent water-cooling and then separating it, fu^ or filtering, a speait lye remains which 70 

for example by oentrifugmg. is poorer in iron but which still contains con- 

With the steadiljr inaeasing output of the siderable amounts <rf suIplHiric add— namdy, 

30 iron industry, pickling installauons have also in the case of contintious pidding, for ex- 
increased in extent, parriculariy those using ample 15 parts by weight — and which, when 
the continuous pidding process for sheet and a corresponding amoimt of fresh sulphuric 75 
strip products. The difficult problem con- add bas been added, can be re-used for the 
sequendy (becomes more insistent as to what pidding process. 

35 use can best be made of the large amounts (En order to be ^e to recover iron and 

of ferrous sulphate (FeSO^) produced in the sulphuric add as such, from the separated 

pickling process and the free sdphinic add ferrous sulphate4ieptahydrate, after renewed 80 

still contained in the spent pickling solution, solution in water and predpitation with 

In addition, the standards imposed with re- sodium hydroxide and air oxidation iron 

40 spect to purity of the waste liquors are beoom- oxides ar iron oxidcKhydrates and a ^dium 

iog striacT, and such discarded liquors snust sulphate solution are obtained. The iron 

of course not contain any sulphunc add or omdes or oxide-ihydrates are separated from 85 

sulphates, as these substances attack concrete this solution, for example by filtraticHi. The 
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sodium sulphate solution obtained, having 
.been enriched with solid sodium sulphate 
decahydrati (NazSO^.lOHjO) which is pro- 
duced in the subsequent production stage, is 

5 worked up in a m^mer known per se by 
electrolysis into sodium lye (NaOH) and 
into a solution of sodium sulphate (NaaS04) 
and sulphuric acid. The caustic soda solu- 
tion thus obtaiaed is used for fresh precipita- 

10 tion of iron oxides or oxide-hydrates from 
die iron sulphate solution continuously sup- 
plied. 

The solution of sulphuric add and sodium 

_ sulphate resulting from the electrolysis 

15 nevertheless has too low a concentration of 
sulphuric acid and too high a concentration 
of sodium sulphate to be employed for en- 
riching the spent lye as obtained after separ- 
ation of the ferrous sulphate-heptahydrate 

20 from ±e used pickling solution. Iln. me 

other hand it contains ^ch quantities ' of 
sodium sulphate as would be damaging to 
the pickle, if it were to be rc-used in the 
regenerated pickle. The sodium sulphate is 

25 accordingly crystallised out, by cooling to 
—8* C from the sulphuric add and sodium 
sulphate solution which was obtained in the 
electrolysis, in the form of crystalUne sodium 
sulphate decahydratc (NajSO^.lOHsQ), which 

30 is separated for example by filtration or cea- 
trifuging. This crystalline sodium sulphate 
decahydrate is used for enriching the sodium 
sulphate soludon which remains after prc- 
dpitation and separation of the iron oxides 

35 or kon oxide-hydrates and which is then to 
be treated by electrolysis. 

In this way, over 80% of the sodium sul- 
phate present has been extracted from the 
sulphuric add and sodium sulphate soluuon 

40 produced in the electrolysis and the sulphunc 
add concentration itself has been raised to 
15 to 18 pec cent by wdght. As dus solu- 
tion, by reason of its insuffident add con- 
centration, cannot be used as such for rcgcn- 

45 crating the first spent liquor from which the 
major portion of iron sulphate had previously 
been separated, the said add is first mixed 
with the said spent liquor, whereupon the 
excess proportion of water, namdy 25 to 

50 30%, is taken off by freezing out at -15 to 
—20° C. in the form of small ice crystals m 
accordance with an otherwise known proass 
and these small ice crystals arc tiiereaftcr 
separated by centrifugmg, filtration, etc, and 

55 used for coolmg the exhausted pickle and for 
dissdving the ferrous sulphate-heptahydrate 
before & precipitation with caustic soda 
solution. The sdution remaining after the 
water has been frozen out contains about 20 

60 per cent by wdght or more of sulphunc aad 
and contams ferrous sulphate and sodimn 
sulphate in such low proportions as to enable 



the said solution to be returned to the pick- 
ling process as fresh pickle. 

In accordance with the present invention, 65 
the advantage of the new method lies in the 
fact that the regeneration of the spent pickle 
is complete and this regeneration can be car- 
ried out in a cyclic process without evapora- 
tion or the application of devated tempera- 70 
tures, while on the other hand the cooling 
necessary to the new method can be earned 
out with the aid of simpler apparatus and 
demaiids a low consumption of energy. 

WHAT WE CLAIM IS:— 75 

1. A me±od of regenerating spent liquors 
produced in the picklmg of iron or steel pro- 
ducts, with sulphuric acid, comprising ^par- 
ating a substantiaLpan of the ferrous sulphate 
(FeSQ^)- i^Oitained in the pickling liquors by 80 
siiperdoolirig' to —IT C. to -16° C, as crys- 
talline fesTOUs sulphate heptahydrate (FeSO.^, 
7H^)), dissolving the separated crystalline 
ferrous sulphate heptahydrate in water, pre- 
dpitating the iron as iron oxide or iron oxide- 85 
hydrate with sodium hydroxide solution 
(NaOH) and oxidation by air, filtering the re- 
maining solution enriched with additional 
sodium sulphate decahydrate (NaSO^.lOHjO), 
subjecting the solution to electrolysis thereby 90 
forming on the one hand a first solution of 
sulphuric add (H^SO^) and sodium sulphate 
(Na-SO^) and on the other hand a second 
solution containing sodium hydroxide; cooling 

the first solution cooling to under — 8° Q and 95 
separating sodium sulphate decahydrate thece- 
firom leaving a solution rich in sulphuric acid 
and poor in sodium sulphate; adding this sul- 
phuric add solution to the spent liquor ob- 
tained after the initial separation of ferrous 100 
sulphate to reconstitute pickling liquor; and 
utilising the second solution for predpiia- 
tion of the iron as iron oxide or iron oxide- 
hydrate. 

2. A method as claimed in Claim 1, wherein 105 
the sodium sulphate decahydrate which is 
separated frona the cooled first solution, is 
used as the additional sodium sulphate deca- 
hydrate for enriching the sodium sulphate 
solution formed in the conversion of the fer- 110 
rous sulphate into iron oxide or iron oxide- 
hydrate. 

3. A method as claimed in Qaim 1 or 2, 
wherein the solution which is rich in sul- 
phuric add and poor in sodium sulphate is 115 
mixed with the spent liquor obtained by sepa- 
ration of the ferrous sulphate, and the mix- 
ture is cooled to -15** C, to -20^ C, where- 
upon 25% to 30% of the water present is 
separated as small ice crystals from the mix- 120 
ture by filtration or centrifuging, while the 
residual solution obtained is used as fresh 
pidding liquor. 
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4. A method of regenerating spent liquors For the Applicants, 

produced in the pickling of iron or steel pro- MATTHEWS, HADDAN & CO., 

ducts, with sulphuric acid, substantially as Oiartered Patent Agents, 

described. 31—32, Bedford Street, Str'and, 

London, W.C2, 
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